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Outline of Discussion

A Section 1: Medium Voltage Power Electronics and Success
Stories in Practice i Utility Case

A Section 2: Medium Voltage Power Electronics and Success
Stories in Practice i Motor Drive Case

A Segment 3: Control and Architectures of Multiport Dual-Active
Bridge Based Converters

A Segment 4: Where are the medium voltage lab facilities?



University of Pittsburgh PITT [cciveenie

ELECTRIC POWER TECHNOLOGIES LAB

Section 1.
Medium Voltage Power Electronics and
Success Stories in Practice

Utility Case
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Planned HVDC Installations Around the World
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Benefits of HYDC Transmission

1. Yunnan — Guangdong
800 KV, 5000 MW, 2009110
2. Xiangjiaba — Shanghai
800 KV, 6400 MW, 2010
3. Debao
500 kY, 3000 MW, 2010
4. Ningdong — Shangdong
660 KV, 4000 MW, 2010
5. Ginghai — Tibet
400 KV, 60D MW, 2011
& Mongolia — Tianjin
800 KV, BODO MW, 2018
7. Russia— Liaoning
660 KV, 4000 MW, 2014
8. Nuozhadu — Guangdong
800 KV, 5000 MW, 2013

12 Ningdong — Zhejiang
800 kV, B0D0 MWV, 2016
13. Xiluodu — Zhejiang
800 kV, B0D0 MW, 2014
14, Sichuan — Jiangxi
800 kV, B0D0 MW, 2017
15. Xiluodu — Jiangxi
B0O kV, B0D0 MW, 2018

16. Humeng — Shandong
B00 kV, B0D0 MW, 2016

17. Hami — Henan

200 KV, B000 MW, 2013
18. Mengxi — Jiangxi

200 kV, B000 MW, 20416
19. Mongolia— Shandong

200 kV, B000 MW, 2016
20. Mengxi — Jiangsu

200 kV, 8000 MW, 2017
21. Jiuguan — Hunan

200 kV, 7200 MW, 2017

22 Zhundong — Co
800 KV, 8000 MW, 2016

23. Baoging — Lisoning
660 kV, 4000 MW, 2017

24 Hami — Shandong
200 kv, 7200 MW, 2017

25 Tibet — Cho: L
200 kv, 7200 MW, 2017

26. Jinghong — Thailand
500 kV, 3000 MW, 2018

27. Ximeng — Nanjing
200 kV, B00D MW, 2018

28. Baihetan — Hubei
200 kv, 7200 MW, 2018

29.

30. Northwest — North
B2B, 1500 MW, 2018

31. Mongolia — Jing-Jin Tang
800 KV, 7200 MW, 2013

32 Russia — Liaoning
800 KV, 7200 MW, 2019

* as of 2012

2x B2B

1 x 400 kV
5x 500 kV
3 x 660 kv
25 x 800 kV

35. Baihetan — Hunan
800 kV, 7200 MW, 2020

37.

38 Northeast —North
BB I, 1500 MW, 2013

China

© Siemens Energy, Inc. 2013

A More efficient power transfer over long distances

A Carrying capacity of up to 2 to 5 times that of an AC line
A Interconnection of two AC systems
A Underwater power transfer (distance longer than 50 km)
A Rapid and accurate power flow control
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Modular Multilevel Converter Modeling & Control

Phase A Phase A Phase A Phase A

Submodule Operation

Vdc/ 2

Vdc/3

Transformer é

6 submodules per
arm emphasized here
but 10 submodules
used in simulation
work

Arm reactance
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Computer Model Implementation: System Scaling

A Primary objective is to adequately scale the system from hundreds of
submodules to ten submodules per arm.

A Ratio of the total energy stored and the rated capacity of the converter
should be maintained when converter parameters are scaled.

_ (Number of arms)(Number of cells per arm)(Energy stored per arm)

F = Rated Capacity of Converter
2 2
F — 3(:1\/DC,1 — 3C:ZVDC,Z
/ lel NZSZ \
Full Scale System Solve for Capacitance
Parameters with a Picked N

A N, chosen iteratively to ensure that IEEE 519-1992 standard is
satisfied at the wye-side of the HVDC transformer (total THD below

1.5%). 6
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System Performance and Verification
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Intense Fault Analysis and Identification
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Academia Supporting Industry

5652 IEEE TRANSACTIONS ON INDUSTRIAL ELECTRONICS, VOL. 63, NO. 9, SEPTEMBER 2016

Fault Section Identification Protection Algorithm
for Modular Multilevel Converter-Based High
Voltage DC With a Hybrid Transmission Corridor

Communication-less fault section identification for hybrid hvdc transmission systems Mitsubishi Electric Power PrOductS,
Usa01a012036741 Inc. - Solutions for high voltage

United States

Abstract

Disclosed herein are methods, systems, and devices for identifying a location of a fault in a hybrid
high valtage direct current (HVDC) transmission system having a ground or underground cable . .
section and an overhead line section. Some methods comprise determining whether a characteristic tran SmlS Slon
voltage oscillation is present at a cable side terminal of the HVDC transmission system, and in [ Download PDF Find Prior Art 3 i

response, determining that the fault is located in the averhead line section. Some methods comprise
determining whether a characteristic current oscillation or a terminal current exceeding a peak \nventor: Patrick Thomas Lewis, Brandon M. Grainger, Hashim .
current threshold is present at an overhead line side terminal, and in response, determining that the Abbas Al Hassan, Gregory Francis Reed Published May 4, 2020 in B ¥ &
fault s located in the overhead line section. The methods can be communication-less, wherein the
actions are based on local measurements and/or are performed locally to where the fauit is located
or detected

Current Assignee : University of Fit

Worldwide applications

Images (6) 2016 - WO US

Application US15/576,650 events @
Priority claimed from US201562166869P
2016-05-19 = Application filed by University of Pittsburgh

2016-05-19 » Priority to US15/576,650

d O 2017-11-22 - Assigned to UNIVERSITY OF PITTSBURGH - OF
THE COMMONWEALTH SYSTEM OF HIGHER

EDUCATION @
Classifications

2018-05-03 * Publication of US20180120367A1
® GOTR31/085 Locating faults in cables, transmission lines, or networks according to type of 2020-08-04 + Application granted

conductors in power transmission or distribution lines, e.g. overhead
2020-08-04 + Publication of US1073221482

Status Active

2037-02-23 « Adjusted expiration

Info: Patent citations (11), Cited by (17), Legal events, Similar
documents, Priority and Related Applications

External links: USPTO, USPTO PatentCenter, USPTO
Assignment, Espacenet, Global Dossier, Discuss
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Section 2:
Medium Voltage Power Electronics and
Success Stories in Practice

Motor Drive Case

10
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MMC Converter Penetration in Motor Drives

In 1994, Pete Hammond of Robicon introduced a new concept in Medium
Voltage Drive technology based on what would be called Cascaded H-
Bridge (CCH).

V Siemens would later introduce this as the GH180 product family.

10 years later in 2003, Rainer Marquardt of Siemens / University of
Munich would introduce a bridge based version of modular cells for High
Voltage DC applications which would be called Modular Multilevel
Converter (M2C).

V Siemens would later introduce this for Large Drive Applications as the
GH150 product family. This technology is just beginning to
penetrate the Large Drives arena (stated in 2019).

ENGINEERING

LAB

11
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24 Cell Proof of Concept (10MVA /4160V) from Siemens

From 2019 17



